Although there is some evidence from twin studies that individual differences in sexual behavior are heritable, little is known about the specific molecular genetic design of human sexuality. Recently, a specific dopamine D4 receptor (DRD4) agonist was shown in rats to induce penile erection through a central mechanism. These findings prompted us to examine possible association between the well-characterized DRD4 gene and core phenotypes of human sexual behavior that included desire, arousal and function in a group of 148 nonclinical university students. We observed association between the exon 3 repeat region, and the C-521T and C-616G promoter region SNPs, with scores on scales that measure human sexual behavior. The single most common DRD4 5-locus haplotype (19%) was significantly associated with Desire, Function and Arousal scores. The current results are consistent with animal studies that show a role for dopamine and specifically the DRD4 receptor in sexual behavior and suggest that one pathway by which individual variation in human desire, arousal and function are mediated is based on allelic variants coding for differences in DRD4 receptor gene expression and protein concentrations in key brain areas.
Many animal studies have characterized the neurochemical pathways that modulate various facets of sexual behavior including the critical appetitive, arousal and consummatory stages. 1 Notably, a specific dopamine D4 agonist has recently been shown to induce penile erection in rats via a central mechanism and, moreover, additional D4 agonists are in development for the treatment of human sexual dysfunction. 2 Based on these animal experiments, we hypothesized that individual allelic differences in the dopamine D4 receptor gene (DRD4) might also contribute to differences in human sexual desire, arousal and function.
We studied 148 subjects with an online questionnaire on sexual desire, arousal and function. Five polymorphisms were genotyped across the DRD4 gene: three promoter region SNPs (C-521T, C-616G, A-809G), 120 bp tandem duplication in the promoter region and the exon 3 repeat region that codes for amino acids comprising the third cytoplasmic loop of the receptor.
Men and women significantly differed on desire and function scores Males scored higher on desire and showed less 'dysfunction' than women (Table 1  legend) . Associations between desire, arousal, function and DRD4 (single locus analysis) are shown in Table 1a analyzed by PBAT. 3 Notably, the DRD4 exon 3 most common D4.4 repeat was negatively associated with desire. Carriers of the D4.4 repeat displayed less desire (Table 1a) and carriers of the rarer (4%) 4.2 repeat showed increased desire scores (dominant model). The C-521T 'T' allele showed higher desire scores. The C-616G C allele was associated with higher function and desire scores.
Using UNPHASED, 4 significant negative association was observed between a five locus haplotype, that captures all the genetic information on the DRD4 gene available for these subjects, and desire and function scores (Table 1b) . The single, and by far most The DRD4 polymorphisms were genotyped as previously described. 27) The total scores for each individual on the desire and function scales represent the average of the z scores. The scores were calculated as follows: Each item on the scale was transformed into a z score for each subject. This was performed so that each question has the same weight. The mean of all these z-scores for each subject is his/her's desire or function score. DESIRE mean score = 0.0032 from 148 subjects (t = 5.18, P < 0.001: men = 0.30370.418; women = À0.15970.565); FUNCTION mean score = 0 from 148 subjects (t = 2.8, P = 0.006: men = 0.2470.538; women = À0.1370.859); AROUSAL mean score = 5.297 from 148 subjects (men = 5.2570.631; women = 5.3770.721). Desire was correlated with arousal (r = 0.476 , P < 0.001) and function scores (r = 0.495, P < 0.001); Arousal was correlated with function (r = 0.237, P = 0.004). Applying a simple Bonferroni correction (multiplying significance levels or P-values by three phenotypes Â five polymorphisms) to the current results is confounded by two observations. Firstly, scores on desire, arousal and function are significantly correlated and these variables are not completely independent. Secondly, A-809G SNP is in moderate LD with the exon3 repeat and the 120 bp repeat. Therefore, a simple Bonferroni correction by multiplying the P-values by five polymorphisms (two of which are in moderate LD) may again be overly conservative. We therefore present the uncorrected Pvalues, which should be interpreted cautiously. PBAT using offset = phenotypic residuals based on phenotypic mean model. i LRS (likelihood ratio statistic; overall global P-value) = 57.299, DF = 34, P = 0.007 (female offspring: LRS = 24.1728, DF = 13, P = 0.029. j LRS = 14.134, DF = 7, P = 0.048. k LRS = 11.567, DF = 4, P = 0.020 (female offspring: LRS = 17.240, DF = 7, P = 0.015). An advertisement was placed on an internet site for subjects who had already given DNA in previous studies. These individuals were asked whether they would participate in a survey of sexual attitudes and behavior. Subjects were recruited by phone(so that personal and direct connection with them was minimal), and that they did not fill their name or any other identifying details (other than their code) in the internet questionnaire, to keep the procedure as anonymous as possible. Following agreement, subjects were assigned a specific code that allowed access to the online questionnaire. Subjects were reimbursed for their participation. This procedure was intended to minimize bias by 'self representation' ('self representation' meaning the need to be seen by others in a positive light). Respondents were primarily college students at frequent (B19%) five locus haplotype of the five DRD4 polymorphisms (C-521T, C-616G, A-809G, EXON 3, 120 bp tandem duplication) genotyped was C-G-G-4-2; this haplotype was negatively associated with desire and function. Overall, similar results were obtained with FBAT. Carriers of this haplotype displayed less desire and functioned less well. Interestingly, carriers of the rarer 5-locus haplotype containing the exon 3 '7' repeat showed increased desire scores. Similar results were observed when categorical grouping of desire, arousal and function scores were analyzed (Table 1c) . The most common C-G-G-4-2 haplotype was negatively associated with scores on three measures of human sexual behavior that is Desire, arousal and function.
The current results show for the first time significant association between a common genetic polymorphism and three critical facets of human sexual behavior-desire, arousal and function. Five-locus haplotype analysis, which captures all the genetic information available on these subjects, that included three purportedly functional polymorphisms (C-521T, 5 120 bp tandem duplication 6 and the exon 3 repeat 7 showed significant association between the DRD4 gene and desire, arousal and function. Weaknesses of the research are the relatively small number of subjects inventoried (N = 148), albeit a robust family-based association test was employed, as well as not correcting for multiple testing for reasons explained in the Table legend. Clearly, these novel findings are only suggestive of association and await replication in a larger, independently-recruited sample.
We also suggest the notion that association between DRD4 and sexual attitudes and behavior may help to clarify the intriguing evolutionary history of the DRD4 exon 3 repeat region elucidated by Kidd et al. 8 They estimated that the D4.7 allele arose before the upper Paleolithic era and further hypothesized that the seven repeat had a selective advantage in certain environments, that is a resource-depleted, timecritical or rapidly changing environments might select for individuals with 'response ready' adaptations, whereas resource-rich, time-optimal or littlechanging environments might select against such adaptations. Such a 'response ready' adaptation could have contributed to the out-of-Africa exodus and that allele frequencies of genes associated with these behaviors for example, D4.7, been positively selected for. We have inferred, based on evidence that the D4.4 allele partially contributes to self-report measures of altruism, 9 that the balanced maintenance of both the D4.4 and D4.7 repeats in the evolution of Homo sapiens is possibly related to the need for diverse behavioral phenotypes involving altruistic and prosocial (D4.4) vs a more aggressive, novelty-seeking type (D4.7) of individual. The present results suggest yet a third source of possible adaptive advantage to the D4.7 allele which may be related to greater sexual desire, easier arousability and better sexual function associated with this polymorphism. The current investigation suggests that specific DRD4 agonists may not only be valuable for problems of erectile dysfunction but also for problems related to desire, arousal and function in both sexes. Importantly, future clinical investigations of D4 agonists might benefit from a pharmacogenetic strategy by stratifying individual responses by DRD4 genotype. Psychotherapeutic approaches to sexual disorders such as hypoactive sexual desire disorder in females (HSDD) might also benefit from the concept that individual differences have a genetic component and that both high and low levels of sexual desire may be adaptational and not in themselves a cause for guilt or treatment.
